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NEW TREATMENTS FOR RESTLESS LEGS SYNDROME 

FIELD OF THE INVENTION 
The present invention relates to use of heterocyclic amines and substituted 

5 phenylazacycloalknes, and the pharmaceutically acceptable salts thereof, for the treatment 
of Restless Legs Syndrome. 

BACKGROUND OF THE INVENTION 
Restless legs syndrome (RLS) is a neurosensorimotor disorder with parestethesias, 
sleep disturbances and, in most cases, periodic limb movements of sleep (PLMS). 

10 Two forms of RLS appear to exist: the idiopathic and the uremic form. In this 

document both forms will be referred to as RLS. RLS is characterized by (1) a desire to 
move the legs, usually associated with paresthesias/dysesthesias, (2) motor restlessness, (3) 
worsening or exclusive presence of symptoms at rest (i.e. lying, sitting) with at least partial 
or temporary relief by activity, and (4) worsening of symptoms during the evening or night 

15 RLS is fully described in references cited in U.S. PaL Nos. 6,001,861 and 6, 1 14,326, 
incorporated herein by reference. According to the International RLS Study Group, these 
four minimal criteria already allow clinical diagnosis. RLS is considered by some to be a 
sleep disorder in which a person experiences unpleasant sensation in the legs described as 
creeping, tingling, pulling, or painful. One or both legs may be affected. The sensations 

20 occur when the person with RLS lies down or sits for prolonged periods of time, such as at 
a desk, riding in a car, or watching a movie. RLS symptoms worsen during periods of 
relaxation and decreased activity. The evening and night hours tend to be more 
troublesome for RLS sufferers. 

Sensory and motor symptoms in RLS often result in severe sleep disturbances with 

25 prolonged sleep latency, decreased total sleep time with reduced or absent slow wave sleep 
and decreased sleep efficiency. RLS patients often sleep best toward the end of the night or 
during the morning hours. Because of less sleep at night, people with RLS may feel sleepy 
during the day on an occasional or regular basis. Almost all RLS patients present periodic 
leg movements (PLM) during sleep (PLMS) and also while being awake. The number of 

30 PLM and related parameters are considered to be a marker for the severity of RLS since 
PLM are frequently associated with nocturnal arousals or awakenings and if present during 
wakefulness may prevent patients from falling asleep. Therefore performing 
polysomnography is usually needed to evaluate the efficacy of drug therapies. 

-1- 



WO 02/36123 PCT/US01/27785 

As a result of problems both in sleeping and while awake, people with RLS may 
have difficulties with their job, social life, and recreational activities. RLS is reasonably 
common and always distressing. In the past some have called it "Crazy Legs." RLS 
sensations have been described as pulling, drawing, crawling, wormy, boring, tingling, pins 

5 and needles, prickly and sometimes painful sensations that are usually accompanied by an 
overwhelming urge to move the legs. Sudden muscle jerks may occur. 

Various agents have been used to treat RLS. While there have been reports of the 
use of a levodopa-based product called Restex® made by Roche Pharmaceuticals in 
Germany, no substance is currently approved in the U.S. for this indication. 

10 Over the years, several treatments have been proposed for RLS. Typically 

treatments are grouped into four categories: anticonvulsant drugs, benzodiazepines, opioids 
and dopaminergic agents. 

Anticonvulsants. Several anticonvulsant drugs have been tested for use in treating 
RLS. Anticonvulsants appear to work by decreasing sensory disturbances (the unpleasant 

15 sensations) and the urge to move. These drugs are particularly effective for some, but not 
all, patients with marked daytime symptoms, particularly people who have pain syndromes 
associated with their RLS. Gabapentin (Neurontin) is the anticonvulsant that has shown the 
promise in treating the symptoms of RLS. Possible side effects of gabapentin include 
dizziness, sleepiness, fatigue, increased appetite, and unsteadiness. The sedative properties 

20 of gabapentin may impair the ability to operate heavy machinery, including a motor vehicle. 
Benzodiazepines. Several benzodiazepines, including clonazepam (Klonopin), 
nitrazepam, lorazepam and temazepam, have been used to treat RLS and sometimes 
improve the quality of nocturnal sleep. Benzodiazepines are central nervous system 
depressants that do not fully suppress RLS sensations or leg movements, but allow patients 

25 to obtain more sleep despite the problems. Some drugs in this group result in daytime 
drowsiness. 

Opioids are narcotic analgesic (pain-killing) drugs and relaxing drugs that can 
suppress RLS and PLMS in some people especially those with severe and relentless 
symptoms of RLS. Some examples of medications in this category include codeine, 
30 propoxyphene (Darvon or Darvocet), oxycodone (Percocet, Tylox, Roxiprin), pentazocine 
(Talwin), hydrocodone (Vicodin), and methadone. 

The therapeutic action of opioids was mentioned in the original description of RLS 
by Ekbom. Recently, this effect has been further documented in open clinical trials, see 
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Trzepacz PT, Violette EJ, Sateia MJ (1984). Response to opioids in three patients with 
restless legs syndrome. Am J. Psychiatry; 141 :993-99, and Hening WA, and periodic 
movements in sleep in restless legs syndrome; treatment with opioids. Neurology; 36: 1363- 
1366 (1986). In these studies RLS was found to be reversible by naloxone, an opioid 
5 receptor antagonist. Opioids are potent suppressors of RLS and PLMS, but they carry the 
risk for abuse and the danger of addiction limit. Side effects and adverse reactions include 
dizziness, sedation, nausea, vomiting, constipation, hallucination, and headache. In severe 
cases, however, and especially in those undergoing hemodialysis, opiates may be an 
alternative treatment. 

10 Dopaminergic drugs have produced some interesting results. Dopaminergic agents 

are drugs that are usually used to treat Parkinson's disease and in some cases may appear to 
provide some short term relief for some people with RLS. RLS is not a form of Parkinson's 
disease but is a distinct neurologic condition. Several studies have shown that L-dopa given 
with a peripheral carboxylase inhibitor at a 10: 1 ratio is effective in treating RLS. See for 

15 example the following articles: Brodeur C, Montplaisir J, Marinier R, Godbout R., 

"Treatment of RLS and PMS with L-dopa: a double-blind controlled study," Neurology; 
35:1845-1848 (1988). Montplaisir J, Godbout R, Poirier G, B&iard M.A., "Restless legs 
syndrome and periodic movements in sleep: physiopathology and treatment with L-dopa," 
Clinical Neuropharmacology; 9:456-463 (1986). Von Scheele C, "Levodopa in restless 

20 legs," Lancet; 2:426-427 (1986), Akpinar S„ "Restless legs syndrome treatment with 
dopaminergic drugs," Clinical Neuropharmacology; 10:69-79 (1987). 

A controlled study using polysomnography (PSG) recordings in a double-blind 
design also showed that L-dopa administered twice at night produces a significant reduction 
of RLS occurring at bedtime and of PLMS throughout the night Brodeur C, Montplaisir J, 

25 Marinier R, Godbout R., 'Treatment of RLS and PMS with L-dopa: a double-blind 
controlled study " Neurology; 35:1845-1848 (1988). In most cases, L-dopa 100 mg, in 
conjunction with the decarboxylase inhibitor carbidopa 10 mg, completely suppresses RLS 
although a rebound (augmentation) of PLMS is often observed in the last part of the night. 
Montplaisir J, Godbout R, Poirier G, B&iard MA, Clinical Neuropharmacology; 

30 9:456-463 (1986). The two major side effects frequently seen in patients treated with L- 
dopaare: 1) a rebound of symptoms during daytime when patients are only treated at 
night; and 2) a single dose of L-dopa at bedtime decreases PLMS in the first third of the 
night but induces a rebound of these movements in the last third of the night when L-dopa 
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is no longer effective. Id. Similarly, the same study showed that when L-dopa treatment is 
repeated in the middle of the night, patients with severe cases may experience de novo 

« 

paresthesia and restlessness during the daytime. 

Bromocriptine, a D2 receptor agonist, was also used in RLS treatment Walters, 

5 AS; Hening, WA; Chokroverty, S; Gidro-Franck, S. A double blind randomized crossover 
trial of bromocriptine and placebo in restless leg syndrome. Ann Neurol; 1988 24:455-458. 
After a dose of 7.5 mg was administered 1 to 3 hours prior to sleep, 5 of 6 patients reported 
better subjective improvement in resdessness and paresthesia compared to placebo. Side 
effects reported were transient nasal stuffiness and lightheadedness in one patient. 

10 Pergolide, the dopamine D1/D2 agonist, (half-life 7-16 hours) in combination with a 

low dose of L-dopa can lead to clinical improvement in patients who do not respond to L- 
dopa alone, but can also cause several important side effects such as orthostatic hypotension 
and gastrointestinal problems. 

The Internet RLS site, http:// www.rls.org, had the following to say about 

15 dopaminergic drug treatments. Note, the Internet site may be updated at any time, the 
following quotes were copied in March 1999. The primary and first-line treatment for 
RLS is with dopaminergic agents, which work in the central nervous system by enhancing 
the levels of dopamine, a chemical that the body naturally produces and that regulates the 
delivery of messages between cells in the nervous system." But then the site provides this 

20 warning: "The dopaminergic agent that has been used most often is carbidopa-levodopa 
(Sinemet® DuPont-Merck). The advantages to using Sinemet® are that this drug has been 

i 

available the longest and it is the least-expensive dopaminergic agent However, Sinemet® 
does have one very important disadvantage: up to 85% of people who take this drug for the 
treatment of RLS develop a phenomenon known as augmentation." The site provides 
25 another description of augmentation. "What happens with augmentation is this: the usual 
dose of Sinemet® will allow you to obtain relief from your symptoms so that you will be 

r » 

able to sleep at night, but the sensations, the need to move, and the restlessness will develop 
(frequently with an increased intensity) earlier in the day (during the afternoon or even 
during the morning). If this happens, you may be tempted to increase your dose of Sinemet 
30 to treat these daytime symptoms, but that would be the wrong approach. If augmentation 
does develop, increasing your dosage of Sinemet® will only worsen rather than improve 
your symptoms. Most people with RLS who develop augmentation must switch to another 
medication." 



-4 



WO 02/36123 PCT/US01/27785 

*Though Sinemet® does work well for many people and has minimal side effects 
(primarily gastrointestinal discomfort, nausea, vomiting, and headache), every person who 
takes this drug for the treatment of RLS needs to clearly understand the potential for 
developing augmentation. One other consideration that you should understand is that 
5 because protein interferes with the absorption of Sinemet®, you should avoid consuming a 
high-protein meal just before taking this medication." 

The Internet site continues and discusses other possible treatments. 

"A newer drug, pergolide mesylate (Permax®), is showing great promise in treating 
RLS. Recent studies have shown that this medication is as effective as Sinemet® and has 
10 much less potential for causing augmentation (10% for Permax® vs. 80% for Sinemet®). 
The disadvantages of Permax® are that it is more expensive than Sinemet® and it has not 
been used as long, so that physicians are less familiar with prescribing this drug. The 
primary side effects are dizziness, nausea, and nasal congestion." 

'•Bromocriptine mesylate (Parlodel®) is another dopaminergic agent that is used to 
15 treat RLS. Results of studies regarding the effectiveness of bromocriptine are mixed, 
although individual patients have reported good results." 

"Permax® and Parlodel® are both dopamine-receptor agonists, meaning that they 
work at the dopamine-binding site, while Sinemet® augments the body's normal 
production of dopamine. Other studies suggest that patients treated with Permax® 
20 (pergolide) will develop tolerance to the drug." 

Considering the problems with all the possible treatments mentioned above, it is fair 
to say, there is no optimally effective treatment for RLS. An RLS patient who turns to the 
Internet and sees the above comments will be overwhelmed with possible treatments, such 
as, iron supplements, melatonin, Prozac®, Sinement®, Klonopin®, clonazepam, all the 
25 drug and drug categories mentioned above and even electrical stimulation to the legs or feet 
before bedtime. See http://www.rls.org. On the Internet one can find the suggestion that 
there is no good treatment regime for RLS, that medical books will list over IS different 
treatments or protocols but that none of them are very effective. The following quote from 
an RLS suffer is posted on the Internet RLS site. "I feel as if worms are creeping and 
30 crawling in my legs. I need to wiggle my legs to make the feelings go away. Sometimes, in 
the evening, when I'm driving or just sitting at the movies or watching TV, I want to keep 
moving my legs. I want to just hit them with a hammer." http:// wwwjrls.org 
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Currently a physician might be tempted to use levodopa in conjunction with a dopa 
decarboxylase inhibitor (DDCI) such as carbidopa. Controlled studies with levodopa have 
proven the beneficial effects on subjective RLS symptoms and sleep quality confirmed by 
polysomnography studies. Since regular release formulas often do not maintain therapeutic 
5 coverage throughout the night, sustained release formulas are attempted. Although many 
RLS patients show an excellent response to levodopa, there is increasing evidence that the 
relatively short duration of action and augmentation of symptoms may be a limiting factor 
of levodopa therapy. 

Fairly recent patent documents have suggested new treatments may be available and 
10 useful but they have not yet been widely prescribed, see U.S. Pat. No. 6, 1 14,326 which 
discloses the use of Cabergoline, a synthetic ergoline derivative, and a dopamine agonist, 
either by itself or in combination with levodopa as a treatment for RLS. hi U.S. 6,001,861, 

the use of pramipexole a dopamine D3/D2 agonist to treat RLS is disclosed. 

Augmentation is described above, it comprises an earlier onset of RLS symptoms in 
15 the evening than before treatment, appearance of symptoms during the day, an involvement 
of other body parts (i.e. the arms) or an increased severity of symptoms. Considering the 
problem of augmentation, alternative treatment options for RLS are of major interest, 
especially for patients with severe RLS. The choice of where to turn for a possible 
treatment of RLS is a problem for any treating physician, with the possible known 
20 treatments presenting serious drawbacks. Here we present new compounds that may be 
used to treat RLS. 

■ 

SUMMARY OF THE INVENTION 
This invention provides methods for treating restless legs syndrome (RLS) in a 

m 

patient suffering from RLS with heterocyclic amines, substituted phenylazacycloalkanes, 
25 and the pharmaceutical^ acceptable salts thereof. This invention also provides for use of 

heterocyclic amines, substituted phenylazacycloalkanes, and the pharmaceutical^ 

acceptable salts thereof for the manufacture of medicaments for treating RLS. 

In one aspect the invention provides a method for the treatment of RLS in a patient 

suffering from RLS and in need of treatment, comprising administration of a heterocyclic 
30 amine of structural formula I: 
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Formula I 

or pharmaceutical acceptable salts thereof, or use of a heterocyclic amine of structural 
10 formula I or pharmaceutical^ acceptable salts thereof for the manufacture of medicaments 
for treating RLS, wherein: 
Rj, R 2 , and R 3 are independently 

a) hydrogen, 

b) alkyl, C« alkenyl, or C 3 _ 5 alkynyl, 

15 c) C3. 7 cycloalkyl, C± l0 cycloalkyl- or phenyl- substituted 

C w alkyl, or 

d) Rj and R 2 are joined to form a Cj_ 7 cyclic amine which can contain additional 
heteroatoms and/or unsaturation; 
Xis 

20 a) hydrogen, 

b) C w alkyl, 

c) halogen, 

d) hydroxy, 

« 

e) alkoxy,or . 
25 f) cyano, 

g) carboxamide, 

h) carboxyl, or 

i) carboalkoxyl; 

Ais 

30 a) CH, CH 2 , CH-halogen, CHCH 3 , OO, C=S, C-SCH 3 , C=NH, G-NH 2 , 

C-NHCH 3 , C-NHCOOCH 3 , or C-NHCN, 

b) S0 2 ,or 

c) N; 
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10 



15 



Bis 

a) CH 2 , CH CH-halogen, or OO, 

b) N, NH or N-CH 3t or 

c) 0 

n is 0 or 1; and 
Dis 

a) CH, CH 2 , CH-halogen or C=0, 

b) O, or 

c) N,NHorN-CH 3 . 

Preferred compounds of formula I for the present invention include (R)-5,6- 

Dihydw>-5-(methylaminoMH-imidazo[4,5, 1 -ij]-quinolin-2(l H)-one, 

(5R>5^mediylamino>5,6^ydro^ and the 

pharmaceutical^ acceptable salts of any said compound. 

In another aspect the invention provides a method for the treatment of RLS in a 
patient suffering from RLS and in need of treatment, comprising the administration of a 
substituted phenylazacycloalkane of structural formula It 



20 



25 




Fonnulall 

or a pharmaceutical^ acceptable salt thereof, or use of substituted phenylazacycloalkane of 
structural formula II or pharmaceutical^ acceptable salts thereof for the manufacture of 
medicaments for treating RLS, wherein: 
nis0-3; 

R 1 and R 2 are independently H (provided only one is H at the same time), -OH 
(provided R 4 is other than hydrogen), CN, CHfeCN, 2- or 4-CF 3 , CH 2 CF 3 , CH2CHF2, 
CH=CF 2 , (CHaJsC^, ethenyl, 2-propenyl, OSO2CH3, OSOjCF,, SSCh/CFi, COR 4 , COOR 4 , 
CONfll 4 )* SOJCH3 (where, x is 0-2), SOJCF3, OCCH^CFa, SO#K£\ CH=NOR 4 , 
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COCOOR 4 , COCOONCR 4 ^, alkyls, C w cycloalkyls, CH 2 OR 4 , CH 2 (R 4 ) 2 , NR^Offi, 
NO2, halogen, a phenyl at positions 2, 3 or 4, thienyl, furyl, pyrrole, oxazole, thiazole, N- 
pyrroline, triazole, tetrazole or pyridine; 

R 3 is hydrogen, CF 3 , CH 2 CF 3 , Ci-C 8 alkyl, C 3 -Cg cycloalkyl, C4-C9 cycloalkyl-methyl, 
5 C r C 8 alkenyl, Cz-Cg alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyI, -(CH 2 ) m -R 5 (where m 
is l-8) f CH 2 SCH 3 or a Q-Cg alkyl bonded to said nitrogen and one of its adjacent caibon 
atoms inclusive to form a cyclic structure; 

R 4 is independently hydrogen, CF 3 , CH 2 CF 3 , Q-Cg alkyl, C 3 -C 8 cycloalkyl, C4-C9 
cycloalkyl-methyl, C 2 -C 8 alkenyl, C r C 8 alkynyl, 3,33-trifluoropropyl, 4,4,4-trifluorobutyl, 

10 -(CH2)ra-R 5 where m is 1-8; 

R 5 is phenyl, phenyl (substituted with a CN, CF 3 , CH 2 CF 3 , C|rC 8 alkyl, C 3 -C 8 
cycloalkyl, C4-C9 cycloalkyl-methyl, C 2 -Cg alkenyl, C 2 -C 8 alkynyl), 2-thiophenyl, 
3-thiophenyl, -NR^CONRV, or -CONR^ 7 ; 

R 6 and R 7 are independently hydrogen, Q-Cg alkyl, C 3 -C 8 cycloalkyl, C4-C9 
15 cycloalkylmethyl, CrCg alkenyl or C 2 -C 8 alkynyl; and 

with the proviso that when R 1 is 2-CN or 4-CN, R 2 is H, R 3 is n-Pr and n is 1 or 3 then 
such compound is a pure enantiomer. 

Preferred compounds of formula II for use in the present invention include the 
compound wherein R 1 is CN; the compound wherein R 2 is H and R 3 is n-propyl; the 
20 compound wherein R 1 is an -OS0 2 CF 3; the compound wherein Rl is S0 2 CH 3; the compound 
wherein R 2 is H and R 3 is a Q_g alkyl; the compound wherein n is 2; the compound wherein 
R 1 is 3-OH, R 2 is H, R 3 is n-propyl and R 4 is a d .g alkyl; and the compound wherein n is 0. 
Particularly preferred compounds of formula II include (3S)-3-[3- 

(methylsulfonyl)phenyl]-l-propylpiperidine hydrochloride, (3S)-3-[3- 

* 

25 (methylsulfonyl)phenyl]-l-propylpiperidine hydiobromide, and (3S)-3-[3- 
(methylsulfonyl)phenyl]-l-propylpiperidine (2E)-2-butenedioate (1:1). 

* 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides use of two classes of compounds having dopamine 

receptor activities for the treatment of RLS, or for the manufacture of medicaments for 

30 treating RLS. 
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One class of compounds useful for treating RLS in the present invention are those 
compounds, or pharmaceutically acceptable salts thereof, disclosed generically or 
specifically in U.S. Patent Nos. 5,273,975 and 5,436,240. These compounds are generically 
referred to as heterocyclic amines and are structurally represented by formula I, wherein: 
5 Rj , R 2 , and R 3 are independently 

a) hydrogen, 

b) C M alkyl, C 3 _ 5 alkenyl, or C 3 _ 5 alkynyl, 

c) C^ cycloalkyl, C4_ 10 cycloalkyl- or phenyl- substituted 
C,^ alkyl, or 

10 d) R x and R 2 are joined to form a C3.7 cyclic amine which can contain additional 

heteroatoms and/or unsaturation; 
Xis 

a) hydrogen, 



20 



15 



b) ^ alkyl 

c) halogen, 

d) hydroxy, 

e) alkoxy, 

f) cyano, 

g) carboxamide, 

h) carboxyl, or 

i) carboalkoxyl; 



A is 



25 



a) CH, CH 2 , CH-halogen, CHCH 3 , C=0, OS, C-SCH 3 , ONH, C-NH 2 , 
C-NHCH3, C-NHCOOCH3, or C-NHCN; 

b) S0 2 , or 



c)N; 



Bis 



30 



a) CH 2 , CH, CH-halogen, or OO, or 

b) N,NHorN-CH 3 , 

c) 0; 



nisOor 1; and 



Dis 



a) CH, CH 2 , CH-halogen or C=0, 
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b) O, or 

c) N,NHorN-CH 3 . 

Illustrative preferred compounds of formula I for use in the present invention 
include the compound wherein D is N or NH, and n is 0; the compound wherein A is CH, 
CH 2 , CHCH 3 , C=0, OS, 

C-SCH 3 , C=NH, C-NH 2 , C-NHCH 3 , C-NHCOOCH 3 , or C-NHCN; and the compound 

wherein A is CH or C=0. 

An especially suitable compound of formula I in the present invention is a 

compound of formula la, 



10 



20 




NH-CH 3 



Formula la. 

The name of the compound of formula la is (R)-5,6-Dihydro-5-(methylamino)-4H- 
15 inndazo[4,544j]-^uinolin-2(lH)-one (uninverted CAS name) or (SR)-5-(methylamino> 
5,6-dihydro-4H-imidazo^^ (Generated by ACD/Name software). 

Another especially suitable compound of formula I in the present invention is the 
maleate salt of the compound of formula la, and is represented by formula lb: 




NH— CH 3 

O 



II 

CH-C-OH 
It 

CH-C-OH 
II 
O 



Formula lb 



The name of the compound of formula lb is (R)-5,6-Dihydro-5-(methylaauno)-4H- 
imidazo[4,5,l-ij]-quinolin-2(lH)one (Z)-2-birtenedioate (1:1) or (5R) -5-(methyamino)-5,6- 
25 dihy(fro-4H-imidazo[4,5,H^ 

Another group of compounds within the generic Formula I shown above are selected 
heterocyclic amine compounds wherein A is C=S; the most preferred being, (5R)-5- 
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(rae%lainino>5,6^ihydro^H-imidazo[4^J-ij]quinoUne-2(lH>thione, a compound of the 

formula Ic below, also referred to herein as the compound of formula VIEL 

( NH-CH3 

if ~ 




HN k 

S 

Formula Ic or Formula VIII 

5 and pharmaceutical acceptable salts thereof. It is preferred that (5R)-5<methylamino>5,6- 
dibydro^H-iimdazo[^ (K) be present as a pharmaceutical^ 

acceptable salt. The pharmaceutical^ acceptable salts are preferred over the corresponding 
free amines since they are more water soluble and more crystalline. Pharmaceutical^ 
acceptable salts include salts of both inorganic and organic acids. The preferred phar- 

10 maceutically acceptable salts include salts of the following acids hydrochloric, 

hydrobromic, sulfuric, phosphoric, nitric, citric, methanesulfonic CH3-(CH2)nrCOOH 
where ni is 0 thru 4, HOOC-(CH 2 )ni-COOH where n is as defined above, HOOC-CH=CH- 
COOH, <}>-COOH. For other acceptable salts, see Int. J. Pharm., 33, 201-217 (1986). It is 
more preferred that (5R)-5Kmethylammo>5,6-^^ 

15 thione be present as the maleate salt, which is (5R>5-(me%lamino>5,6-dihydro-4H- 
imidazo[4,5,l-ij]qiiinoline-2(lH)-thione maleate. The maleate salt is shown below as 
formula Id or formula K. 

OCT 

y H .cooh 

HN- 




c 



s 

^COOH 
Formula Id or EX 

20 The heterocyclic amines, processes for making them, and methods for preparing 

medicaments from them are disclosed in U.SJPat Nos. 5,273,975 and 5,436,240, herein 
incorporated by reference. While U.S. Patent No.5,273,975 generically discloses and claims 

(5R)_5-(methyIammo)^ tt n either 

contains an example of nor specifically mentions this compound. (5R>5-(methylamino> 
25 5,6^ydro^H-iimdazo^^ (VIE) is preferably made from the 

corresponding non-thio analog, (5R)-(methylamino)-5,6-dihydro^H-imidao(4,5,l- 
ij)quinolin-(2H>one (VII). A preferred process of making (5R)-(Methylamino)-5,6- 
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dihydro-4H-imidao(4^,l-ij)quinolin-(2H)-one (VII) is illustrated in PREPARATION 1 and 
EXAMPLES 1-6, and is schematically shown in Chart A. A preferred method of 
transforming (5R)-(memylaniino)-5,6^y<kc>-4H-imidao(4,54-ij)quinolin-(2H)-one (VII) 
into (5R)-5-(me&ylammo)-5,6-dmydr^^ (VIII) is 

5 set forth in EXAMPLE 7. A preferred method of transforming (5R)-5-(methylamino)-5,6- 
<lmydro-4H-imidazo[4,54-ij]qumolme-2(lH>thione (WUT) into (5R>5-(methylamino)-5,6- 
dmydro-4H-imidazo[4,5j-ij]qumolme-2(lH^thione maleate (IX) is set forth in EXAMPLE 
8. 

Another class of compounds useful in the present invention are those compounds, or 
10 pharmaceutically acceptable salts thereof, disclosed generically or specifically in U.S. 
Patent Nos. 5,594,024 and 5, 462,947, both incorporated by reference herein. These 
compounds are generically referred to as substituted phenylazacycloalkanes and are 
structurally represented by formula H, wherein: 

n is 0-3; 

15 R 1 and R 2 are independently H (provided only one is H at the same time), -OH 

(provided R 4 is other than hydrogen), CN, CH 2 CN, 2- or 4-CF 3 , CH2CF3, CH 2 CHF 2 , 
CH=CF2, (CH&CFa, ethenyl, 2-propenyl, OSO2CH3, OSO2CF3, SSO2CF3, COR 4 , COOR 4 , 
CONtR 4 ^, SOxCH 3 (where, x is 0-2), SOxCFa, 0(CH2)xCE3, SOaN^V CH=NOR 4 , 
COCOOR 4 , COCOON^, C M alkyls, C 3 .g cycloalkyls, CH 2 OR 4 , CHafR 4 )* NR 4 S02CF 3 , 
20 NO2. halogen, a phenyl at positions 2, 3 or 4, thienyL furyL pyrrole, oxazole, thiazole, N- 
pyrroline, triazole, tetrazole or pyridine; 

R 3 is hydrogen, CF3, CH2CF3, C,-Cg alkyl, CyCg cycloalkyl, C4-C9 cycloalkyl-methyL 
CrCg alkenyl, CrCg alkynyl, 333-trifluoropropyl, 4,4,4-trifluorobutyl, -(CHak-R 5 (where m 
is 1-8), CH2SCH3 or a Q-Cg alkyl bonded to said nitrogen and one of its adjacent carbon 
25 atoms inclusive to form a cyclic structure; 

R 4 is independently hydrogen, CF 3 , CH2CF3, Q-Cg alkyl, C 3 -Cg cycloalkyl, C4-C9 
cycloalkyl-methyl, C 2 -C 8 alkenyl, CrCg alkynyl, 3,3,3-trffliioropropyl, 4,4,4-trifluorobutyl, 
KCH2)m-R 5 where m is 1-8; 

R 5 is phenyl phenyl (substituted with a CN, CF 3 , CH2CF3, Q-Cg alkyl, C 3 -C 8 
30 cycloalkyl, C4-C9 cycloalkyl-methyl, CrCg alkenyl, CrCg alkynyl), 2-tbiophenyl, 
3-thiophenyL -NR 6 CONR 6 R 7 , or -CONR^ 7 ; 

R 6 and R 7 are independently hydrogen, Q-Cg alkyl, C 3 -Cg cycloalkyl, C4-C9 
cycloalkylmethyl, CrCg alkenyl or CrCg alkynyl; and 
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with the proviso that when R 1 is2-CN or4-CN,R 2 isH t R 3 isn-Prandnis 1 or3then 
such compound is a pure enantiomer. 

Also useful in the present invention are the pharmaceutically acceptable salts of 

compounds of formula II above. 

5 Preferred compounds of formula H for use in the present invention include: 

the compound wherein said R 1 is CN; the compound wherein R 2 is H and R 3 is n-propyl; the 
compound wherein said R 1 is an -OSO2CF3; the compound wherein Rl is StfCHb; the 
compound wherein R 2 is H and R 3 is a Q-g alkyl; the compound wherein said n is 2; the 
compound wherein R 1 is 3-OH, R 2 is H, R 3 is n-propyl and R 4 is a Ci-g alkyl; and the 

10 compound wherein n is 0. 

A particularly suitable compound of formula II in the present invention is (3S)-3-[3- 
(methylsulfonyl)phenyl]-l«propylpiperidine hydrochloride (uninverted CAS name) or OSU 
6162 or (3S)-3-[3Kniethylsulfonyl)phenyI]--l--propylpiperidine hydrochloride (Generated by 
ACD/Name software), and is represented by formula Ha: 



15 




# HCI 



Formula Ha 

* 

Another particularly suitable compound of formula II in the present invention is 
20 (3S)-3-[3-(Methylsulfonyl)phenyl]-l-propylpiperidine hydrobromide (uninverted CAS 
name) or (3S)«3-[3-(methylsulfonyl)phenyl]-l-propylpiperidine hydrobromide (Generated 
by ACD/Name software), and is represented by formula lib: 
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# HBr 



Formula lib 



Yet another particularly suitable compound of formula II in the present invention is 
5 (3S)-343-inethylsulfonyl)phenyl]-l-propylpiperidine (2E)-2-butenedioaie (1:1) (uninverted 
CAS name) or (S>OSU6162, and is represented by formula lie: 




H. .COOH 
C 



COOH 



H 



10 Formula Die 

The substituted phenylazacycloalkanes, processes for making them and methods for 
preparing medicaments from them are disclosed in U.S. Pat. Nos. 5,462,947 and 5,594,024, 
herein incorporated by reference. 
15 Conventional pharmaceutical preparations of the heterocyclic amines and of the 

substituted phenylazacycloalkanes can be used, e.g., consisting essentially of an inert 
pharmaceutical carrier and an effective dose of the active substance; e.g., plain or coated 
tablets, capsules, lozenges, powders, solutions, suspensions, emulsions, syrups, 
suppositories, transdermal patch, etc. Tablets are preferred 

* 

20 The effective dose range for the compounds of fonnula I is about 0. 1 to 50 mg/day. 

More specifically, the effective dose range for compounds of Fonnula I wherein A is C=0 



is 1 to 50 mg/day, and often more than 1 mg will he administered to a patient per 
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administration and per day, and preferably between 4 to 10 mg/day. For compounds of 
formula I wherein A is OS, the effective dose range is 0.4 to 10 mg/day and often more 
than 0.4 will be administered to a patient per administration and per day, and preferably 

between 1.6 to 10 mg/day. 

5 The effective dose range for the compounds of formula II is aboutlO to 100 mg/day 

and often more than 10 mg will be administered to a patient per administration and per day, 
and preferably between 15 to 40mg/day and most preferably 20 to 30 mg/day. 

While the above dosage levels for the heterocyclic amines compounds and for the 
substituted phenylazacycloalkanes indicate mg/day, and typically they may be given once or 

10 twice a day, surprisingly, they may be given in these dosages on a less than daily basis. 
While the drugs may be given once a day or twice a day, they might only be given three 
times a week, two times a week or even once a week for some patients. For less than daily 
dosing the tablet size or amount of administration of drug can vary and the mg of drug 
administered per patient may in fact be the mg/day dose suggested above. When given on a 

15 daily or less frequent schedule, the daily dosages mentioned here would be given only for 
the day of administration. 

Patients with milder forms of the disease would be expected to need less drug. 
Patients with more severe forms of the disease and those who have been treated with other 
dopaminergic agents may be expected to need more drug. Providing patients do not 

20 experience intolerable side effects, the dosage should be titrated to achieve a maximal 
therapeutic effect Dosages should be increased gradually. The precise dosage for the 
heterocyclic amines compounds and for phenylazacycloalkanes would be determined by the 
treating physician evaluating such factors as the progression of the state of the disease, the 
weight and age of the patient, whether and what extent other drugs such as L-Dopa or 

25 levodopa were administered, and other such factors as are typically evaluated by a physician 
before determining the dosage of a CNS drug to be administered to a patient 

DEFINITIONS AND CONVENTIONS 
The definitions and explanations below are for the terms as used throughout this 
entire document including both the specification and the claims. 

30 DEFINITIONS 

Chromatography (column and flash chromatography) refers to 
purification/separation of compounds expressed as (support eluent). It is understood that 
the appropriate fractions are pooled and concentrated to give the desired compound(s). 
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CMR refers to C-13 magnetic resonance spectroscopy, chemical shifts are reported 
in ppm (5) downfield from TMS. 

DR. refers to infrared spectroscopy. 
HPLC refers to high pressure liquid chromatography. 
5 MS refers to mass spectrometry expressed as m/e, m/z or mass/charge unit. [M + 

H] + refers to the positive ion of a parent plus a hydrogen atom. EI refers to electron impact 
CI refers to chemical ionization. FAB refers to fast atom bombardment 

NMR refers to nuclear (proton) magnetic resonance spectroscopy, chemical shifts 
are reported in ppm (8) downfield from tetramethylsilane. 
10 Pharmaceutical^ acceptable refers to those properties and/or substances which are 

acceptable to the patient from a pharmacological/toxicological point of view and to the 
manufacturing pharmaceutical chemist from a physical/chemical point of view regarding 
composition, formulation, stability, patient acceptance and bioavailability. 
RLS means Restless Legs Syndrome 
15 Saline refers to an aqueous saturated sodium chloride solution. 

Solubility of a solid in a solvent, the ratio of the solid to the solvent is 

weight/volume (wt/v). 

Solvent pairs, the ratios of solvents used are volume/volume ratios (v/v). 

Temperatures are in degrees Celsius. 
20 TLC refers to thin-layer chromatography. 

-<> refers to phenyl (C6H 5 ). 

[ak 25 refers to the angle of rotation of plane polarized light (specific optical 

rotation) at 25° with the sodium D line (589A). 

EXAMPLES 

25 Without further elaboration, one skilled in the art can, using the preceding 

description, practice the present invention to its fullest extent. The following detailed 
examples and Chart A describe how to prepare the various compounds and/or perform the 
various processes of the invention and are to be construed as merely illustrative, and not 
limitations of the preceding disclosure in any way whatsoever. Those skilled in the art will 

30 promptly recognize appropriate variations from the procedures both as to reactants and as to 
reaction conditions and techniques. 
PREPARATION 1 (R>Naproxen chloride 
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R-naproxen {Can. 7. Chem., 72(1), 142-5 (1994), 260 g), methylene chloride (3.33 
kg) and DMF (8.2 ml) are added to a reactor. Oxalyl chloride (191.8 g) is slowly added to 
this mixture. After addition of the oxalyl chloride, the slurry is stirred at 5 to 10° and then 
slowly wanned to 20-25°. The resulting mixture is concentrated to remove the methylene 
5 chloride, branched octane is added to the concentrate and the mixture is again concentrated. 
More branched octane is added to the concentrate and the mixture is cooled to 0° and stirred 
to crystallize. The crystal slurry is filtered, the crystal cake is washed with octane and dried 
at 20-25° to obtain the title compound. 

The filtrate from the first crop is concentrated, branched octane is added and the 
10 mixture is cooled and stirred to obtain a second crop of the title compound. The slurry is 
filtered, the crystal cake is washed with branched octane and dried at 20-25°. 
EXAMPLE 1 l-Benzyl-4H-imio^[4,5,l-rj]qiimolin-2(lH)-one (IT) 

A mixture of 4H-iniito[4^,l-ij]qiimolin-2(lH)-one 0, / Heterocyclic Chem.,19, 
837-49 (1982), l.Og, 5.8mmol) in DMF (10ml) is cooled to 0° and treated with potassium t- 
15 butoxide in THF (1 .98 M, 3.2 ml, 6.3 mmol) maintaining the reaction temperature at 0°. 
The resulting mixture is stirred at 0° for 10 minutes. Benzyl bromide (0.73 ml, 6.1mmol) is 
then added wlme inamtaining the reaction temperature at 0°. After 1 hour, the mixture is 
partitioned with methyl r-butyl ether (MTBE) from water followed by several water washes. 
The MTBE phase is concentrated under reduced pressure. The concentrate is cooled to 0°, 
20 filtered and washed two times with 0° MTBE The product is dried at 50° under reduced 
pressure with a nitrogen purge to give the tide compound, CMR (CDCb, 100 MHz) 153.78, 
136.44, 128.69, 127.67, 127.60, 126.73, 125.86, 122.90, 122.78, 121.28, 116.92, 116.17, 
10836, 44.95 and 42.37 8. 

EXAMPLE 2 (5R,6R^l-Benzyl-5-bromo-6-hydroxy-5,6-dihydro-4H- 

25 imid^o[4^,l-ij]Tunolin-2(lH)-one (III) 

l-Bei^l-4H-imidazo[4^,l-ij]qumolm-2(lH)-one (D. EXAMPLE 1, 240 g), 
acetonitrile (1.086 kg), water (227 ml) and flue-boric acid (48 3%, 13.4 g) are mixed and 
cooled to 0 to 5°. Dibromantin (163.5 g) is slurried into acetonitrile and is added to the 
reaction mixture. The reaction is carried out for about 3 hr at 0 to 5°. After the reaction is 

30 complete, methyl r-butyl ether is added over about 45 minutes keeping the reaction 
temperature in the pot below 10°. The slurry is cooled to -10 to -15°, stirred for an hour 
and then filtered. The product is washed with precooled methyl r-butyl ether, dried with 
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40° nitrogen to give the title compound, CMR (CDC1 3 ) 156.0, 137.8, 130.5, 129.6, 129.3, 
129.1, 126.6, 123.6, 122.5, 1 19.6, 1 10.4, 69.9, 49.6, 47.7, 46.9 and 43.8 5. 
EXAMPLE 3 (5S,6S>l-Benzyl-5-bromo-2-oxo-l,2,5,6-tetrahydro-4H- 

imidazo[4,5,l-ij]quinolin-6-yI (2R)-(6-methoxy-2- 
5 naphthyl)propanoate (IV A) and (5R,6R)-l-benzyl-5-bromo-2-oxo~ 

l,2,5,64etrahydro-4H4mid^ 

methoxy-2-naphthyl)propanoate (IVB) 

(5R,6R)- l-Benzyl-5-bromo 

on? (IH, EXAMPLE 2, 143 g), methylene chloride (3,136 g), N-methyl morpholine (100.2 
10 g) and 4-dimethylaminopyridine (497 mg) are added to the reactor and the mixture is cooled 
to 0 to 5°. (R)-Naproxen chloride (PREPARATION 1, 1 18.5 g) dissolved in methylene 
chloride (694 ml) is added to the reactor over about 1 hr and the mixture is stirred at 0 to 5° 
to complete the reaction. If necessary, additional naproxen chloride is added to complete 
the reaction. Potassium carbonate solution diluted with water is added to the mixture. The 
15 aqueous phase is extracted with methylene chloride and the combined methylene chloride 
phase is washed with water. The washed mixture is concentrated by vacuum distillation 
and solvent exchange with ethyl acetate is performed. The concentrate is cooled to - 10° 
and stirred. The crystal slurry is filtered and the crystal cake is washed with precooled 
methyl /-butyl ether and dried at 50? to give the title compound in solid form, (5S,6S>1- 
20 benzyl-5-bromo-2-oxchl ,2,5,6-^ , 1 -ij]quinolin-6-yl (2R)-2-(6- 

methoxy-2-naphthyl)propanoate (IVA), CMRiCDCli) 8 173.2, 157.8, 153.4, 136.1, 134.6, 
133.7, 129.2, 128.8, 127.8, 127.8, 127.6, 127.2, 125.9, 125.9, 125.6, 121.5, 121.4, 119.1, 
113.2, 109.0, 105, 105.6, 69.2, 55.3, 45.4, 45.2, 42.5, 41.7 and 183. 

EXAMPLE 4 (5R,6R)4-Benzyl-5-hydroxy^methylamino)-5,6~dihydro- 

25 4H-imidazo[4,5,l-ij]quinolin-2(lH)-one (V) (5S,6S>l-Benzyl-5-bromo-2-oxo-l,2,5,6- 
tetrahydro^H-imidazo[4,5,l-ij]quinolin-6-yl (2R>2-(6-methoxy-2-naphthyl)propanoate 
(IVA, EXAMPLE 3, 1 10 g) is slurried in acetonitrile (1,297 g). After adding aqueous 
methylamine (40 wt %, 327 g) the reaction is carried out for about 12 hr at about 30°. After 
the reaction is complete, the mixture is concentrated and ethyl acetate is added. Dilute 

30 hydrochloric acid is added to make the water-soluble salt of the title compound. The 

byproduct (R-naproxen methylamide impurity) is insoluble in water and stays in the ethyl 

acetate phase. Further extractions and washes are carried out for better separation of the 

(naproxen acetamide) impurity with minimum loss of the desired product Then a sodium 
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hydroxide solution is added to the aqueous phase and the hydrochloride salt of the title 
compound is converted to the free base. The free base is less soluble in water and is 
extracted into ethyl acetate. The product mixture is concentrated and solvent exchanged 
with ethyl acetate to remove water. Crystallization is performed by adding branched chain 
5 octane and cooling the mixture. The resulting slurry is filtered, washed and dried at 50° to 
give the title compound, CMR (CDC1 3 ) 5 153.7, 136.3, 128.7, 127.8, 127.7, 125.7, 121.3, 
119.9, 118.6, 107.5, 66.2, 60.1, 45.1, 42.6 and 34.0. 

EXAMPLE 5 (7aS,8aR)^Beirzyl-8-methyl-7,7a,8,8a-tetrahydroa2ireno 
c]imidazo[4,5,l-ij]quinolin-5(4H)-one (VI) (5R,6R)<l-Benzyl-5-hydroxy-6. 

10 (methylamino)-5,6^y<ko^ (V, EXAMPLE 4, 70 

g) and THF (1,389 g) is concentrated to remove any moisture by distillation as a precaution 
due to reactivity of n-butylUthium towards water. The mixture is cooled to about - 10° and 
»-butyllithium is added to make the lithium salt of the starting material with formation of 
n-butane byproduct in an exothermic reaction. Benzenesulfonyl chloride is added slowly to 

15 make benzenesulfonate in an exothermic reaction. The reaction mixture is warmed to 20- 
25° to complete the reaction. Agueous potassium carbonate solution is added to scavenge 
the benzenesulfonic acid and the mixture is stirred to allow crystallization. Water is added 
to complete crystallization, the slurry is stirred, cooled and filtered. The crystal cake is 
washed with water followed by branched chain octane and dried at 40 to 50° to give the title 

20 compound, CMR (CDCI3) 5 154.1, 136.3, 128.6, 127.9, 127.6, 124.3, 120.7, 1 19.7, 107.4, 

46.7, 44.9, 40.7, 38.1 and 37.6. 

EXAMPLE 6 (SRMMethylamino)^ 

2(lH)-one (VII) A mixture of (7aS,8aR)-4-benzyl-8-methyl-7,7a,8,8a- 

tetrahydroazireno[2,3^ (VI, EXAMPLE 5, 40 g) r- 

25 amyl alcohol (42.4 g) and anhydrous ammonia (1,200 g) is treated with lithium at -33° . 
After the lithium addition is complete, the reaction mixture changes from a yellow slurry to 
a dark blue mixture. This dark blue mixture is stirred for 30-60 minutes and then quenched 
with the addition of water. The cooling water is removed from the condenser and the 
ammonia is allowed to evaporate. The residue is dissolved in methanol. This mixture is 

30 then concentrated to dryness to give the title compound, which is carried on directly to the 
next step without isolation. 

EXAMPLE 7 . (5R>5^ethylamino>5,6^y^^ 

2(lH>thione (VIII) 
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NH-CH 3 




NH-CH 3 



10 



15 



A mixture of (5R)Kmethylammo>5,6-dihydro^H-imidazo[4,5J-ij]qumolm-2(lH)- 
one (VII, EXAMPLE 6, 15.0 g, 73.8 mmol) and tetraphosphorus decasulfide (36.1 g, 81.2 
mmol) in pyridine (300 mL) is heated in a 125° oil bath under nitrogen. The reaction is 
stirred for 5 hr. The mixture is cooled to 20-25° and the pyridine is removed under reduced 
pressure. Sodium hydroxide (2.2 N, 200 mL) is added and a vigorous reaction ensues. 
Additional sodium hydroxide (1 N) is added until a solution is formed. The solution is 
saturated with sodium chloride and extracted with methylene chloride (2.5 L, in portions). 
The organic phase is absorbed onto silicon dioxide (40 g) and purified via column 
chromatography (silicon dioxide, 225 g; methanol/methylene chloride, 3.5-5.0/96.5-95). 
The appropriate fractions are pooled and concentrated. The material is recrystallized from 
methanol/ethyl acetate/hexanes to give the title compound, mp = 210-213°; IR (drift) 2940, 
2907, 2884, 1483, 1458, 1391, 1366, 1354, 1254, 1239, 1229, 895, 762, 734 and 630 cm 1 ; 
NMR (300 MHz, CDC1 3 ) 6 7.12, 7.03, 7.00, 4.30, 3.96, 3.30-3.50, 3.15, 2.88 and 2.57; MS 
(ED m/z 219 (M*), 190, 189, 187, 186, 164, 163, 155, 145; HRMS (FAB) calculated for 
C11H13N3S (MH*) = 220.0908, found = 220.0904. 



EXAMPLE 8 



(5R>5-(Methylammo)-5,6-dihydro-4H-imidazo[4^ 
2(lH)-thione maleate (IX) 



20 




NH-CH 3 




25 



COOH 



A solution of maleic acid (0.3 17 g, 2.36 mmol) in a minimal amount of methanol 
(~1 mL) is added to a mixture of (5R)-5-(memylammo)-5,6-dmya^H-imid^2o[4,5,l- 
ij]p^oline-2(lH)-thione (Vm, EXAMPLE 7, 0.493 g, 2.25 mmol) in methylene chloride. 
The resulting solid is collected by filtration to give the title compound; mp = 195-196°; 
[ay*D = -60° (c 0.93, methanol); IR (drift) 3140, 31 12. 3060, 2969, 1627, 1619, 1568, 
1481, 1455, 1398, 1389, 1361, 1220, 868 and 747 cm" 1 ; NMR (300 MHz, CD3OD) 5 7.20- 
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7.30, 7.10-7.20, 6.26, 4.49, 4.31, 4.05-4.20, 3.28 and 2.83; CMR (100 MHz, DMSO-d* + 
CD3OD) 8 170.4, 169.4, 136.6, 131.1, 130.9, 125.1, 122.1, 116.2, 109.6, 53.9,43.1, 31.9 
and 27.2; MS (ESI) m/z = 220.1 (MH+). 
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CHART A 




H 




R N 



OH 



(I) 



(ID 




Rx 



(HO 



15 
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CHART A - continued 




OCH, 




(IV) 




(V) 




wherein Rm is phenyl and Rx is bromo, 
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CHART A - continued 



5 




(VIII) 



(IX) 



10 



15 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A method for treating restless legs syndrome (RLS ) in a patient suffering from 
RLS, comprising the administration of an effective amount of a compound selected from 

5 the group consisting of a heterocycllic amine, a substituted phenylazacylcloalkane, and a 
pharmoacologically acceptable salt of any said compound. 

2. The method of claim 1 , wherein the compound is a heterocyclic amine. 

3. The method of claim 1 wherein the compound is a heterocyclic amine of 
formula I 

iO 




15 Formula I 



or a pharmaceutical^ acceptable salt thereof, wherein: 
R lt R 2 , and R 3 are independently 
a) hydrogen, 

20 b) Chs alkyl, C3.5 alkenyl, or C3.5 alkynyl, 

c) C3_ 7 cycloalkyl, C^ l0 cycloalkyl- or phenyl- substituted 

alkyl, or 

d) Rj and R 2 are joined to forma C^ cyclic amine which can contain additional 
heteroatoms and/or unsaturation; 

25 Xis 

a) hydrogen, 

b) C^ alkyl 

c) halogen, 

d) hydroxy, 
30 e)alkoxy, 

f) cyano, 

g) carboxamide, 

h) carboxyl, or 
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i) carboalkoxyl; 

A is 

a) CH, CH 2 , CH-halogen, CHCH 3> C=0, C=S, C-SCH 3 , C=NH, C-NH 2 , 
C-NHCHj, C-NHCOOCH 3 , orC-NHCN; 

b) S0 2 , or 

c) N; 

Bis 

a) CH 2 , CH, CH-halogen, or C=0, or 

b) N, NH or N-CH 3 ; 

c) 0 
nisOorl;and 
Dis 

a) CH, CH 2 , CH-halogen or C=0, 

b) 0, 

c) N, NH or N-CH 3 . 

4. The method of claim 3, wherein D is N or NH and n is 0. ' 

» 

5. The method of claim 3, wherein A is CH CH 2 , CHCH 3 , OO, OS, 
C-SCH 3 , ONH, C-NH 2 , C-NHCH3, C-NHCOOCH3, or C-NHCN. 

6. The method of claim 3, wherein A is CH, C=0 or OS. 

7. The method of claim 3, wherein the dose of compound is about 0. 1 to 50 mg/day. 

8. The method of claim 6 wherein A is C=0 and the compound is (5Ry5- 
(methylammo>5,6-dihydr^ or a pharmaceutical^ 
pharmaceutical^ acceptable salt thereof.. 

9. The method of claim 8 wherein the compound is (R)-5,6-Dihydro-5- 
(methylaminoHH-imidazo[4^,l-ij]^uinolin-2(l^ (Z)-2-butenedioate (1:1). 

10. The method of claim 9, wherein the dose of compound is about 1 to 50 mg/day. 

1 1. The method of claim 9 wherein the dose of compound is about 4 to 10 mg/day. 

12. The method of claim 6 wherein A is OS and the compound is (5R)-5- 
(methylammo>5,6-dihydro^H^ or a 
phannaceutically acceptable salt thereof. 

13. The method of claim 12 wherein the compound is (5R)-5-(methylamino)-5,6-dihydro- 
4H-imidazo[4^J-ij]quinoline-2(lH>thione maleate. 
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14. The method of claim 13, wherein the dose of compound is 0.1 to 50 mg/day. 

15. The method of claim 13, wherein the dose of compound is 0.4 to 10 mg/day. 

16. A method of claim 1, wherein the compound is a substituted phenylazacycloalkane. 

17. A method of claim 1, wherein the compound is a substituted phenylazacycloalkane 
5 of formula II 




Formula II 

or a pharmaceutical^ acceptable salt thereof, wherein: 
n is 0-3; 

10 R 1 and R 2 are independently H (provided only one is H at the same time), -OH 

(provided R 4 is other than hydrogen), CN, CH 2 CN, 2- or 4-CF 3 , CH 2 CF 3 , CH 2 CHF 2 , 
CH=CF2, (CH2) 2 CF 3 , ethenyl, 2-propenyl, OSO2CH3, OSO2CF3, SSO2CF3, COR 4 , COOR 4 , 
CON^V SOxCHa (where, x is 0-2), SO x CF 3 , 0(CH2)xCF 3 , S0 2 N(R 4 ) 2 , CH=NOR 4 , 
COCOOR 4 , COCOONORV Ci^ alkyls, C M cycloalkyls, CH 2 OR 4 , Clh&h, NR^OzCF* 
15 NCfe, halogen, a phenyl at positions 2, 3 or 4, thienyl, furyl, pyrrole, oxazole, thiazole, N- 
pytroline, triazole, tetrazole or pyridine; 

R 3 is hydrogen, CF 3 , CH2CF3, Ci-C 8 alkyl, C 3 -C 8 cycloalkyl, C4-C9 cycloalkyl-methyl, 
C 2 -Q alkenyl, C2-Q alkynyl, 3,33-trifluoropropyl, 4,4,4-trifluorobutyl, -(CH^m-R 5 (where m 
is 1-8), CH2SCH3 or a Q-Q alkyl bonded to said nitrogen and one of its adjacent carton 
20 atoms inclusive to form a cyclic structure; 

R 4 is independently hydrogen, CF 3 , CH 2 Cf% Ci-C 8 alkyl, C 3 -C 8 cycloalkyl, C4-C9 
cycloalkyl-methyl, C 2 -C 8 alkenyl, C 2 -C 8 alkynyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl, 
-(CH 2 ) m -R 5 where m is 1-8; 

R 5 is phenyl, phenyl (substituted with a CN, CF 3 , CH 2 CF 3 , Q-C 8 alkyl, C 3 -C 8 
25 cycloalkyl, C4-C9 cycloalkyl-methyl, CrQ alkenyl, C 2 -C 8 alkynyl), 2-thiophenyl, 
3-thiophenyl, -NR^ONR'R 7 or -CONR^ 7 ; 

R 6 and R 7 are independently hydrogen, C|-C 8 alkyl, C 3 -C 8 cycloalkyl, C4-C9 
cycloalkylmethyl, CrQ alkenyl or CrQ alkynyl; and 
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with the proviso that when R 1 is 2-CN or 4-CN, R 2 is H, R 3 is n-Pr and n is 1 or 3 then 
such compound is a pure enantiomer. 

18. The method of claim 17, wherein the dose of the compound is 10 to 100 mg/day. 
5 19. The method of claim 17, wherein R 1 is CN. 

20. The method of claim 17, wherein R 2 is H and R 3 is n-propyl. 

21 . The method of claim 17, wherein R 1 is -OSO2CF3. 

22. The method of claim 17, wherein R 1 is -SO2CH3 and n is 2. 

23. The method of claim 17, wherein R 2 is H and R 3 is a Ci- 8 alkyl. 
10 24. The method of claim 17, wherein n is 2. 

25. The method of claim 17, wherein R 1 is 3-OH, R 2 is H, R 3 is n-propyl and R 4 is a Cm 

alkyl. 

26 The method of claim 17, wherein n is 0. 

27. The method of claim 22, wherein the compound is (3S>3-[3- 

15 (memylsulfonyl)phenyl-l-propylpiperdine or a pharmaceutical^ acceptable salt thereof. 

28. A method of claim 27, wherein the compound is 3S>3-[3-(methylsulfonyl)phenyl]- 
1-propylpiperidine hydrochloride. 

29. The method of claim 28, wherein the dose of the compound is 10 to 100 mg/day 

30. The method of claim 28, wherein the dose of the compound is 20 to 30 mg/day. 

20 31. A method of claim 27, wherein the compound is (3S)-3-[3-(methylsulfonyl)phenyl]- 
1-propylpiperidine hydrobromide. 

32. The method of claim 27, wherein the compound used is, (3S>3-[3- 
Methylsulfonyl)phenyl]-l-propylpiperidine (2E)-2-butenedioate (1:1). 

33. The use of a compound selected from the group consisting of heterocyclic amines of 
25 Formula I and substituted phenylazacycloalkanes of Formula flora pharmaceutically 

acceptable salt thereof, to prepare a medicament for the treatment and management of 
Restless Legs Syndrome (RLS) in a patient suffering from or susceptible to such condition. 

34. The use of claim 33, wherein the compound is (5R)-5 ,6-dihydro-5-(methylamino)- 
4H-imidazo[4,5, l-ij]-quinolin-2(lH)one (Z)-2-butenedioate(l:l) 

30 35. The use of claim 33, wherein the compound is (5R)-5-(memylamino)-5,6-diydro- 
4H-imidazo[4,5,l-ij]qumoline -2(lH)-thione maleate 

36. The use of claim 33, wherein the compound is (3S) -3-[3-(methyUdsulfonyl)phenyl- 
1-propylpiperidine hydrochloride. 



-29- 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publicati n Date 
10 May 2002 (10.05*2002) 







PCT 



(10) International Publication Number 

WO 02/036123 A3 



(51) International Patent Classification 7 : A61K 31/445, 
31/48, A61P 19/00 

(21) International Application Number: PCT/US0 1/27785 

(22) International Filing Date: 29 October 2001 (29.10.2001) 

(25) Filing Language: English 

(2d) Publication Language: English 

(30) Priority Data: 

60/244,666 31 October 2000 (31.10.2000) US 

(71) Applicant (for all designated States except US): PHAR- 
MACIA & UPJOHN COMPANY [US/US]; 301 Henri- 
etta Street, Kalamazoo, MI 49001 (US). 

I (72) Inventors; and 

I (75) Inventors/AppUcants (for US only): MCBRINN, Sylvia 
! [US/US]; 56 Sandbrook Headquarters Road, Stockton, 
| NJ 08556 (US). ANDERSON, Richard, W. [US/US]; 18 
i Southgate Drive, Annandale, NJ 08801 (US). 

I (74) Agent: ZHANG, Austin, W.; Global Intellectual Property, 
j Pharmacia & Upjohn Company, 301 Henrietta Street, Kala- 
1 mazoo, MI 49001 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
A2, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, IT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZW. 

(84) Designated States (regional): ARLPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, O, CM, GA, GN, GQ, GW, ML, MR, NE, SN. TD, 
TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

19 September 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations' 1 appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 




(57) Abstract: The invention provides methods and use of heterocyclic amines, and phenylazacycloalkane compounds, and their 
pharmacologically acceptable salts for the treatment of Restless Legs Syndrome (RLS). 



INTERNATIONAL SEARCH REPORT 




Application No 

PCT/US 01/27785 



A. CLASSIFICATION OF SUBJECT UATTER „ . 

IPC 7 A61K31/445 A61K31/48 A61P19/00 



B. FIELDS SEARCHED 


Minimum documentation searched (classification system folowed by classification symbols) 

IPC 7 A61K 


Documentation searched other than minimum documentation to the extent that such documents are Included in the fleWs searched 


Electronic data base consulted during the international search (name of data bas 


*e and, where practical, search terms used) 


EPO-Internal , CHEM ABS Data, WPI Data, PAO, BIOSIS, EMBASE , MEDLINE, INSPEC 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, wih Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WALTERS A S ET AL: "A Double-Blind 
Randomized Crossover Trial of 
Bromocriptine and Placebo 1n Restless Legs 
Syndrome" 

ANNALS OF NEUROLOGY , BOSTON, US, 

vol. 24, no. 3, September 1988 (1988-09), 

pages 455-458, XP002117258 

ISSN: 0364-5134 

cited 1n the application 

the whole document 


33 




WO 01 13903 A (BOEHRINGER INGELHEIM PHARMA 

;BRECHT HANS MICHAEL (DE)) 

1 March 2001 (2001-03-01) 

page 4, paragraph 2 - paragraph 4; claims 

12,14 


33-35 






./_ 




| )(| Further documents are listed in the continuation of box C. 


|y | Patent family members are Usted In annex. 


a Special categories or cited documents : 

'A' document defining the genera) state of the art which is not 
considered to be of particular relevance 

•E* earler document but published on or after the international 
fling date 

'L* document which may throw doubts on priority daim(s) or 
which is ded to establish the puMcation date of another 
citation or other special reason {as specified) 

•O* document referring to an oral disclosure, use, exhibtion or 
other means 

"P* document published prior to the international fifing date but 
later than the priority date claimed 


T later document published after the International fling date 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underlying the 
Invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document Is taken alone 

*Y* document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stilled 
in the art 

"A* document member of the same patent family 


Data of the actual completion of the International search 

27 May 2002 


Date of maiflng of the International search report 

■ZQ&fK 


Name and mailng address of the ISA 

European Patent Office, P.R 5818 Patenttean 2 
NL-2280HVRij$wfk 
Tel (431 -70) 340-2040. Tx. 31 651 epo nf. 
Fax (431-70) 340*3016 


Authorized officer 

Zlmmer, B 



Form PCT/1SA/210 (second sheet) (Juy 1992) 



INTERNATIONAL SEARCH REPORT 



ina) Application No 

PCT/US 01/27785 



1 Category* 1 


Citation ot document. wHh iixlication.whete approprtate, ol the relevant passages 


tetevant to claim No. 1 


1 Y 1 


SETHY, VIMALA H. ET AL: "U-95666E: a 
potential ant1 -parkinsonian drug with 
anxiolytic activity 
PROG. NEURO-PSYCHOPHARMACOL. BIOL. 
PSYCHIATRY (1997), 21(5), 873-883, 

XP002192219 
page 874, paragraph 2 
page 878, paragraph 2 


33-35 1 


Y 


C0LLADO-SEIDEL V ET AL: "AETIOLOGY AND 
TREATMENT OF RESTLESS LEGS SYNDROME" 
CNS DRUGS, ADIS INTERNATIONAL, AUCKLAND, 
NZ, 

vol. 12, no. 1, 1999, pages 9-20, 

XP000989833 

ISSN: 1172-7047 

page 12, paragraph 3.1 -page 14, paragrapn 
3.3 


33-36 


1 A 


WO 99 16442 A (JU TZU CHI ROBERT ; UPJOHN 
CO (US)) 8 April 1999 (1999-04-08) 
the whole document 


33-35 


A 


WO 00 40226 A (MEGLASS0N MARTIN DURHAM 
; UPJOHN CO (US); MCCALL ROBERT B (US)) 
13 July 2000 (2000-07-13) 
the whole document 


33-35 


E 


WO 01 83483 A (UPJOHN CO ; ACKER BRAD A 
(US); HEIER RICHARD F (US); JIN ALAN Q 
(US) 8 November 2001 (2001-11-08) 
| the whole document 


35 


E 


WO 01 81343 A (MARSHALL ROBERT C 
; ROBERTSON DAVID U (US); UPJOHN CO (US); 
ASHLEY) 1 November 2001 (2001-11-01) 
J the whole document 


33-35 


X 


WO 92 18475 A (UPJOHN CO) 
! 29 October 1992 (1992-10-29) 

page 1, line 3 -page 2, line 18; example 
70 


33,36 


Y 


EKESBO, ANNA ET AL: "Effects of the 
substituted (S)-3- phenyl p1 perl dine 
(-)-0SU6162 on PET measurements of 
•11CJSCH23390 and *11C! racloprlde binding 
1n primate brains" 

NEUROPHARMACOLOGY (1999), 38(3), 331-338 , 

XP002200122 
the whole document 

~~~ -/- 


33,36 



Form PCT/ISA/2tO (ocrtkiuatlon of sooond shoot) (July 1992) 



INTERNATIONAL SEARCH REPORT 




IntdVPbnaJ Application No 

PCT/US 01/27785 



CfContfnuatlen) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, wttn Indfcation.where appropriate, of the relevant passages 



Relevant to claim No. 



WO 00 03714 A (CARLSSON ARVID ;SONESS0N 
CLAS AAKE (SE); WATERS ROSS NICHOLAS (SE)) 
27 January 2000 (2000-01-27) 
the whole document 



33,36 



Fomi PCT7ISA/210 (ccntinuetfion of second thttA) (July 1962) 



INTERNATIONAL SEARCH REPORT 



""^ernationai application No. 

PCT/US 01/27785 



Box I Observation* where certain claims were found unsearchable (Continuation of Hem 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. [7] Claims Nos.: 1-32 

because they relate to subject matter not required to be searched by tNs Authority, namely: 

Rule 39. 1(1 v) PCT - Method for treatment of the human or animal body by 
therapy 

2. Lj Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of Invention is lacking (Continuation of Hem 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



see additional sheet 



1 . [~y~| As all required additional search fees were timely paid by the applicant, this International Search Report covers all 

searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — ■ covers only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; It is covered by claims Nos.: 



Remark on Protest 



| | The additional search fees were accompanied by the applicant's pr test 
[X~| No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCTAIS 01 £7785 



r 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions 1n this international application, as follows: 



1. Claims: 33 (part), 34,35 



2. Claims: 33(part), 36 



INTERNATIONAL SEARCH REPORT 

Information on patent family m amber* 




Application No 

PCT/US 01/27785 



Patent document 
died In search report 



Publication 
date 



Patent family 
members) 



MO 0113903 



01-03-2001 



WO 9916442 



08-04-1999 



W0 0040226 



13-07-2000 



MO 0183483 



08-11-2001 



WO 0181343 



01-11-2001 



W0 9218475 



29-10-1992 



WO 0003714 



27-01-2000 



DE 19938823 Al 

All 6836500 A 

BR 0013355 A 

W0 0113903 A2 

US 2001053777 Al 

AU 742941 B2 

AU 9296498 A 

BR 9812687 A 

CA 2301869 Al 

CN 1268890 T 

EP 1017391 A2 

FI 20000720 A 

HU 0004586 A2 

JP 2001517701 T 

NO 20001624 A 

PL 339946 Al 

SK 3612000 A3 

WO 9916442 A2 

US 6197339 Bl 

US 2001053386 Al 

AU 2348200 A 

BR 9916759 A 

CN 1332628 T 

CZ 20012459 A3 

EP 1140092 A2 

TR 200101895 T2 

WO 0040226 A2 



AU 
WO 



AU 
WO 
US 

AT 
AU 
AU 
CA 
DE 
DE 
DK 
EP 
ES 
FI 
JP 
JP 
KR 
NX 
NO 
WO 
US 
US 



5522501 A 
0183483 Al 



5311401 A 
0181343 A2 
2002004510 Al 



201669 

653837 
1986992 
2105666 
69231854 
69231854 

641320 
0641320 
2157204 

934575 
3176063 
6509561 

196888 
9201730 

933715 
9218475 
5462947 
5594024 



T 

B2 

A 

Al 

01 

T2 

T3 

Al 

T3 

A 

B2 
T 

Bl 
Al 

A ,B, 
A2 
A 
A 



Publication 
date 



AU 
BR 



5456899 A 
9912051 A 



22-02-2001 

19- 03-2001 
30-04-2002 
01-03-2001 

20- 12-2001 



17-01-2002 
23-04-1999 
22-08-2000 

08- 04-1999 
04-10-2000 
12-07-2000 
29-03-2000 

28- 06-2001 

09- 10-2001 

29- 03-2000 
15-01-2001 
12-09-2000 
08-04-1999 
06-03-2001 
20-12-2001 



24- 07- 

25- 09- 
23-01- 
16-01- 
10-10- 
21-12- 
13-07- 



-2000 
-2001 
•2002 
•2002 
•2001 
-2001 
-2000 



12-11-2001 
08-11-2001 



07-11-2001 
01-11-2001 
10-01-2002 



15- 06- 

13- 10- 

17- 11- 

18- 10- 
05-07- 
04-10- 
20-08- 
08-03- 

16- 08- 
15-10- 
11-06- 
27-10- 
15-06- 
01-08- 
15-10- 

29-10- 
31-10- 

14- 01- 



-2001 
-1994 
-1992 
-1992 
-2001 
-2001 
■2001 
■1995 
-2001 
-1993 
2001 
1994 
1999 
1993 
1993 
1992 
1995 
1997 



07-02-2000 
03-04-2001 



Food FCT ASA/210 (ptftnl tatty anw) (Juy t«2) 



INTERNATIONAL SEARCH REPORT 

Information on patent family member* 




intdjpbnti Application No 

PCT/US 01/27785 



Patent document 
1 cited in search report 


Publication 
date 


Patent family 
membef(s) 


Publication 
data 


WO 0003714 


A 




EP 
WO 


1096935 Al 
0003714 Al 


09-05-2001 
27-01-2000 



Form PCT/1SA/210 (patent temiJy annex) (July 1992) 



